To compare the influences of alcohol and salt intake on 24-h blood pressure (BP), we studied short-term effects of repeated alcohol ingestion and dietary salt intake in hypertensive patients. Thirty-two Japanese men with mild to moderate essential hypertension (54± 1 years old, mean±SE)
Both salt and alcohol have been recognized as important environmental factors in the pathogenesis of human hypertension. A number of epidemiological studies have documented a positive relationship between the level of blood pressure (BP) and the amount of dietary salt intake (1-3) or alcohol consumption (4-6). It also has been shown that BP rises after repeated intake of a high salt diet or alcohol, and falls with reductions in their intake (5, 7-10). Restrictions of salt and alcohol , intake are widely recommended in the management of hypertension (11, 12) . However, the results of earlier studies were derived from casual BP measurements.
Twenty-four-hour ambulatory BP monitoring is accepted as a useful method because it provides multiple BP recordings throughout the whole day, has good reproducibility, and eliminates observer bias (13, 14) . The pressor effect of high salt intake was seen for 24 h in several studies (15, 16) , although its effect may be less than that assessed on the basis of casual BP readings (I7). The measurement of 24-h BP may be particularly important in evaluating BP of drinkers, since people drink alcohol mainly in the evening and at night. Alcohol has both vasoconstrictive and vasodilative actions (18) . Our previous studies suggest that the effects of alcohol on BP depends on the duration of consumption and time from the last intake (19, 20) . Effects of salt and alcohol on heart rate also appear to differ. It has been shown that the heart rate of subjects on a high-salt diet is slower than that in subjects on a low-salt diet (15, 21) . In contrast, tachycardia was seen both after alcohol ingestion and during alcohol withdrawal (19, 22) .
Therefore, the effects of salt and alcohol on 24-h BP and heart rate may be qualitatively and quantitatively different. To clarify this hypothesis, we investigated and compared the effects of repeated alcohol consumption and short-term high salt intake on 24-h BP and heart rate in hypertensive subjects under standardized conditions.
Methods

Subjects
Thirty-two Japanese men 35 to 69 years old participated in this study. All subjects were given a diagnosis of mild-to-moderate essential hypertension after routine examination. No patient had serious cardiac, renal, or neurological disorders. The study protocol was approved by the ethical committee of our institution, and informed consent was given by each patient.
The study subjects were divided into two groups. One group consisted of 16 patients in whom the effects of repeated alcohol intake on BP (alcohol group) were examined. The other group comprised 16 patients in whom we studied the effects of dietary salt intake (salt group). The two groups were matched with respect to age, height, weight, and BP on admission (Table 1 ). The degree of hypertensive organ damage, serum eletrolyte concentrations, and plasma renin activity were also similar.
Fourteen patients in the alcohol group and 13 in the salt group had been treated with antihypertensive drugs, which were withdrawn at least 7 d before entering the study. All patients in the alcohol group were habitual drinkers with a mean alcohol intake of 66 ± 6 ml/d. Four of these subjects showed facial flushing after alcohol ingestion. Twelve patients in the salt group were also habitual drinkers. Drinking alcohol was prohibited for at least 7 d before the study.
Protocol
All the patients were admitted to our institution and remained there for the entire study period. They consumed a regular diet containing 1,600 kcal and 125 mmol NaCI per d for the first several days.
In the alcohol study, nonalcoholic drinks (Calorie Mate, Otsuka Pharmaceutical. Co., Tokushima, Japan) matched for caloric content with alcohol were given with dinner (5 PM to 6 PM) for 7 d. Then, 1 ml/kg of ethanol was administered with dinner in the form of vodka, lime juice, and water for the next 7 d. BP and heart rate were recorded for 24 h at the end of each period.
In the salt study, subjects were given a low-salt diet containing 25 mmol/d of sodium for 7 d, followed by a high-salt diet containing 250 mmol/d of sodium for 7 more d. The low-salt diet was cooked without adding salt, and the high-salt diet was prepared with salt and other sodium-rich seasonings. The two diets had the same caloric contents. The 24-h BP was recorded at the end of each period.
Measurements
Blood pressure and heart rate were measured every 30 min by an oscillometric method using ABPM-630 recorders (Nippon Colin, Komaki, Japan) (23) . In several patients in the salt group, BP-201 recorders (Nippon Colin) were used. The same recorder was used in each patient for the entire protocol to avoid errors caused by different equipment. The accuracy of each recorder was checked by simultaneous measurement with a mercury sphygmomanometer, and all recorders showed a difference of less than 10 mmHg. Rather than relying on a single BP record the mean of several measurements was emphasized because precise estimations of the actual 24-h BP variability are limited by intermittent BP readings (24) . Therefore, as in our previous studies, every 2-h segment of the record was averaged for analysis of the 24-h BP and heart rate (19, 20) . We further analyzed BP and heart rate as averages of each 6-h record (6-12 PM, 0-6 AM, 6-12 AM, 0-6 PM) as well as averages of the 24-h records.
Measurement of fasting body weight and collection of 24-h urine samples were carried out at the end of each study period. Urinary sodium concentrations were determined by a biochemical analysis system, TBA-90S (Toshiba, Tokyo, Japan).
Data Analysis Data are expressed as the mean ± SEM. Comparisons were made by repeated measures analysis of variance, which is a within two factor model [treatment: (control, alcohol) or (low salt, high salt), and time of day]. To further study treatment or time dif 
Results
Alcohol Study
At the end of the 7-d alcohol period, the body weight of the hypertensive patients had decreased slightly but significantly as compared with the control period (Table 2) . Urine volume and urinary sodium excretion did not differ between the two periods. Figure 1 shows the time course of 24-h BP and heart rate at the end of the control and the alcohol periods. Significant circadian changes (high during daytime and low during nighttime) in BP and heart rate were observed in each period. Before dinner, BP and heart rate did not differ between the two periods. After alcohol ingestion with dinner, BP decreased and heart rate increased for several hours until midnight. The greatest difference in BP was observed 2-4 h after dinner (alcohol period: 127 ± 4/77 ± 2 mmHg, control period: 142 ± 4/87 ± 2 mmHg). In the early morning, BP was higher in the alcohol period than in the control period. From 7-9 AM, BP in the alcohol period was 143 ± 4/87 ± 2 mmHg while that in the control period was 136 ± 3/83±2 mmHg. No differences in BP were detected in the late morning or early afternoon between the alcohol and control periods.
The evening fall (6-12 PM: -111-8 mmHg) and the morning rise (6-12 AM: 4/3 mmHg) in BP after repeated alcohol intake were also significant in the analysis of BP every 6 h ( Table 3 ). The average level of 24-h BP did not differ between the alcohol and the control periods. However, the average level of 24-h heart rate was significantly higher (by 3 beats/min) during the alcohol period than the control period. The subjects with alcohol flush showed marked hypotension and tachycardia after alcohol ingestion; however, an alcohol-induced fall in BP was also observed in the subjects without alcohol flush (Table 4 ). The morning rise in BP was similar in the subjects with and those without alcohol flush. Average 24-h BP tended to fall after repeated alcohol intake in those who showed flushing, while it did not change in those who did not.
Salt Study
Body weight, urine volume, and urinary sodium excretion at the end of the high-salt period were significantly higher than those at the end of the low-salt period (Table 5) .
The time courses of 24-h BP and heart rate during the high-and low-salt periods are shown in Fig.  2 . There were significant circadian changes in BP and heart rate during each period. Both systolic BP and diastolic BP were consistently higher during the high-salt period than the low-salt period. The difference in BP between the two periods was large in the evening and at night, but small in the early morning. Heart rate was significantly lower during the high-salt period than the low-salt period throughout 24 h.
The hypertensive effect of dietary salt intake was also evident by analysis of BP according to 6 h time zones as well as by average 24-h BP (Table 6 ). The differences in BP between the two periods tended to be greater in the evening (6-12 PM: 1015 mmHg) than in the morning (6-12 AM: 613 mmHg). During the high-salt period, average 24-h BP was higher by 9/4 mmHg and average 24-h heart rate was lower by 6 beats/min as compared with the low-salt period.
Discussion
In the present study, short-term repeated intake of alcohol raised morning BP but lowered evening BP in hypertensive subjects, resulting in little change in the average 24-h BP. In contrast, the short-term increase in dietary salt intake elevated BP throughout the day in subjects with hypertension. Average 24-h heart rate increased with alcohol ingestion, while it decreased after intake of the high-salt diet. These results indicate that the 24-h cardiovascular effects of alcohol and salt are qualitatively and quantitatively different. It has been suggested that alcohol intake plays a part in the pathogenesis of hypertension in humans. Many epidemiological and clinical studies have shown a positive relationship between the amount of alcohol consumption and the level of BP or prevalence of hypertension (4-6, 9, 10, 25, 26). Crosssectional studies have estimated the alcohol-induced increase in BP to be 5-612-4 mmHg in subjects consuming five to six drinks per d (5). Potter and Beevers observed a fall in BP after 4 d of alcohol withdrawal and a rise in BP within 4 d of reintroduction of alcohol in hypertensive men (9) . The hypertensive effect of short-term alcohol intake was also investigated by Howes and Reid, who observed reported a decrease in BP of 7/2 mmHg after 2-wk alcohol restriction in Japanese men with hypertension (25) . However, all of these studies were based on measurements of casual BP during the daytime. In our study, repeated alcohol ingestion (1 ml/kg) in the evening elevated BP by 413 mmHg in the morning; this effect was the greatest at 8 AM (7/4 mmHg). The degree of BP elevation was comparable with that observed in earlier studies. However, the pressor effect of alcohol was not sustained throughout the day and was offset by BP reduction in the evening. These results confirm our previous observation (20) . Howes et al. also showed no short-term effect of alcohol (1 g/kg for 4 d) on mean 24-h BP in healthy men (28) . Furthermore, we observed that the average 24-h BP of hypertensive patients did not fall after 4 wk of alcohol restriction in a randomized crossover study (29) . These results suggest that the hypertensive effect of alcohol may have been overestimated, and restriction of alcohol intake may be less effective in lowering 24-h BP than considered previously.
After alcohol ingestion with dinner, the BP of hypertensive subjects fell until midnight in this and our previous studies (19, 20) . The mechanisms of the alcohol-induced lowering of BP are not well understood, but alcohol and its metabolites have direct vasodilatative effects (18) . Our previous study suggested the role of changes in intra-and extracellular electrolytes (30) . The mechanisms of alcohol-induced hypertension have also not been fully clarified. Experimentally, chronic alcohol intake is not always associated with hypertension, and even antihypertensive effects have been seen (31). Crandall et al. reported that BP was not elevated at peak blood alcohol levels, but that it was high 24 h after the final ingestion in chronically alcohol-treated rats (32). Criscione et al. found that the vasoconstrictive action of norepinephrine was attenuated during ethanol infusion but was potentiated after cessation of the infusion in the rat mesenteric artery (33) . These studies indicate that alcohol has dual effects on BP and suggest that the pressor effect is related to alcohol withdrawal rather than its straightforward action.
It is known that subjects with alcohol flush show marked cardiac stimulation and peripheral vasodilatation after ingestion of alcohol (19, 34) . The alcohol flush syndrome, caused by accumulation of acetaldehyde due to a genetic deficiency of aldehyde dehydroxygenase, is common in Oriental populations. However, the hypertensive effect of alcohol on casual BP also has been shown in Japanese populations (25, 26) . In the present study, mean 24-hour BP did not change after repeated alcohol consumption in the subjects with and those without flushing, although the former showed exaggerated hypotension in the evening. The biphasic effect of alcohol on BP may not be limited to subjects with alcohol flush, although the occurence of flushing emphasizes the depressor action of alcohol.
The pressor effect of dietary salt intake has been well documented by casual BP measurements (1-3, 7, 8) . In the intersalt study, the difference in BP was 4/2 mmHg after adjustment for body mass index and alcohol intake (1). Intervention trials have shown that sodium reduction lowers BP by 5-10 mmHg/100 mmol (8, 35) . In the present study, an increase in sodium intake by about 200 mmol/d elevated mean 24-h BP by 9/4 mmHg in hypertensive subjects. Our results are consistent with those of earlier studies and support the effectiveness of sodium restriction in the treatment of hypertension.
Measurements of casual BP might overestimate or underestimate the pressor effect of high salt intake. Moore et al. observed a significant fall in resting BP but not in 24-h BP after low sodium intake in hypertensive subjects (17) . Fotherby and Potter were also unable to find a fall in 24-h BP by moderate sodium restriction in elderly hypertensive subjects (36) . On the other hand, Cugini et al. showed that 24-h BP but not casual BP could detect the pressor effect of sodium in normotensive subjects (15) . Matsuoka et al. reported 15/7 mmHg higher mean 24-h BP after increasing sodium intake by about 300 mmol/d (16) . The discrepancy between the results of these studies may be explained partly by the different characteristics of casual and 24-h BP, such as reproducibility, observer bias, and placebo effect (13, 14) .
In our study, the hypertensive effect of high salt intake was seen throughout the day, although it tended to be greater at night than in the morning. Our results are consistent with a previous report that showed a blunted nocturnal fall in BP during salt loading in salt-sensitive patients with essential hypertension (16) . Neurohumoral mechanisms including expansion of blood volume and incomplete inhibition of the sympathetic nervous system may participate in the greater rise in night time BP with high salt intake. It has been shown that the nocturnal fall in BP is blunted or abolished in volume-expanded conditions such as congestive heart failure and renal failure (13, 37) . Repeated alcohol consumption increased and high salt intake decreased mean 24-h heart rate in this study, supporting the results of previous studies (17, (20) (21) (22) . These changes in heart rate seem to reflect the activity of the sympathetic nervous system, because the plasma level of catecholamines increases after alcohol ingestion (19, 22) and decreases with sodium loading (7, 21) . The alterations in heart rate and catecholamines may be responses to changes in blood pressure. However, heart rate was also slightly higher during the pressor phase of the alcohol period, and the increase in the 24-h heart rate was not associated by the change in 24-h blood pressure. Alcohol intake is known to be related to tachyarrythmia, cardiomegaly, and heart failure, although it prevents coronary heart disease (38) . Since an increased heart rate has been shown to be a risk factor for cardiovascular and total mortality (39), the alcohol-induced tachycardia might have clinical significance.
In conclusion, our study suggests that alcohol may have little effect on mean 24-h BP, although it causes biphasic changes in BP, and that high salt intake raises BP throughout the day. As a nonpharmacological therapy for hypertension, dietary salt restriction may be more efficacious than reducing alcohol intake to lower the 24-h BP. However, our study was not carried out with a randomized crossover design or randomized parallel group design, and the number of subjects was small. Further investigations are required to confirm the results of the present study. 
